Abstract. Values play a key role in water management and natural resources management more generally. They can be used 5 by individuals, groups, organisations and whole societies to judge and justify actions. In addition, they can be enacted in practice and embodied in water institutions and infrastructure. Values can be seen as responses to the necessities of human existence and the need to live together and form functioning societies. Mechanisms that can explain their origin, effects and development include reciprocity, socialisation, formal and informal sanctioning, new information, and socio-economic change. Depending on the type of value, different measurement methods can be used, including surveys, interviews, focus 10 groups, Q methodology, content analysis of cultural texts such as newspaper articles, argumentation analysis and participant observation. The article recommends research at the level of social groups and organisations because of the large role these play in water management. Consequently, it is important to measure their values, including both their environmental valueshow they relate to their environment -and their social values -how they relate to each other.
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increase agricultural production ( Van de Ven, 2004 ), but they still dominate the Dutch landscape now that recreational and environmental values have become important as well.
When in a specific case different values potentially apply, a key question is which are activated and which not. Values can be activated by verbal as well as visual cues. For instance, talk of money stimulates individualistic values and pictures of authority figures may stimulate respect for authority (Kahneman, 2011; cf. Vatn, 2009 ). These cues selectively "frame" the 5 issues involved (Scheufele and Iyengar, 2012) .
When more than one value is activated, actors can try to balance the different values. This assumes these values are commensurable, that is, measurable by the same standard, such as their contribution to economic development or "utility" (Thacher and Rein, 2004) . When different actors support different values, politics may come into play. One value may gain ascendency until the negative consequences for another value become too severe to ignore, which may then dominate for a 10 while ("cycling": Thacher and Rein, 2004) . This mechanism may explain the "pendulum shift" mentioned in the introduction. Alternatively, the different actors may become engaged in a social learning process that involves recognition of all relevant values and a joint search for solutions that satisfy all these values as much as possible (Mostert et al., 2007; PahlWostl et al., 2007) . Institutional solutions to prevent that some values are overlooked completely include sectoral legislation and separate authorities protecting these values ("firewalls": Thacher and Rein; the "separation principle": Mostert, 2015a). 15
Origin and development
Values can be explained in different ways. Two explanations were already briefly mentioned in the previous section: patterns of behaviour that become "descriptive norms" and reciprocity. When actors interact repeatedly, they may cooperate in order to increase the chance that others will reciprocate their behaviour ("direct reciprocity": Axelrod, 1984; Nowak, 2006) . In the absence of repeated interaction, they may cooperate in order to improve their reputation and thereby increase the chance that 20 others will cooperate with them ("indirect" or "generalised reciprocity": Nowak, 2006; Putnam et al., 1994) . Generalised reciprocity is most effective in communities with many horizontal social connections ("social capital": Putnam, 2001 ).
Social connections entail mutual obligations, as when individual A does individual B a favour. When social connections are widespread, A may do B a favour without expecting anything in return from B, but from other community members.
Widespread social networks reduce possibilities for opportunism as this would threaten the reputation of the person 25 involved. They increase trust and foster the development of norms of cooperation (Putnam, 2001) . These norms are essential because without them opportunism would not be viewed negatively.
Cooperation can also be stimulated by community values, such as solidarity. Solidarity refers to both mutual support in furthering a common interest and support for needy community members (Keessen et al., 2016) . While there is often an element of reciprocity in solidarity, the main motivation is not self-interest in a narrow sense, but a sense of being similar to 30 others, of having a common identity and constituting a "we" instead of only separate "I's" (Tönnies and Loomes, 1963; Selznick, 1994) . For sustaining a sense of community, it is important that people feel they matter to the community and the community to them, and that their emotional and other needs are fulfilled (cf. McMillan and Chavis, 1986) . Values can be internalised early in life via a process called "socialisation", involving a combination of conditioning, learning by example, explanation and discovery (Selznick, 1994; Elsenbroich and Gilbert, 2014) . Throughout life actors are influenced by the media and media framing (e.g. Scheufele, 1999) . In addition, values are internalised via "disciplining" (Foucault, 1975) . Disciplining involves monitoring the behaviour and performance of individuals, using for instance statistical data and examinations; comparing their performance to a norm; ranking them; and applying graduated positive or 5 negative sanctions, such as prizes, marks, promotion or degradation.
Some values are officially enacted or adopted. This applies especially to legal rules (with the exception of rules of customary law) and the ideal values expressed in official policy documents.
Values can change as a result of new information (e.g. Minato et al., 2010) . Many values have a factual element and can be justified in terms of the contribution they make to realising more fundamental values. In VBN theory, new information can 10 change personal beliefs, which in turn can change personal behavioural norms. This is, however, not a straightforward process. For example, people may agree that the past few years have been exceptionally hot and dry, but they may not agree whether this is a sign of climate change or just climate variability and if climate change, what its cause is and what can be done about it. The vast majority obtain their information on climate change and climate change research from the media.
Whether they believe this information and pay attention to it at all depends on their worldviews and fundamental values and 15 on the trust they have in the media and science (Weber, , 2016 cf. Wynne, 1992) . And with the advent of the social media and the algorithms these media use, people are increasingly exposed to information that confirms worldviews and values (Amrollahi and McBride, 2019) .
Values can also change as a result of socio-economic change. Socio-economic change may result not only in the growth of specific groups with specific values (Roobavannan et al., 2017) , but also in a change of their values (Mostert, 2018a) . 20
According to Human Development theory (Welzel et al., 2003) , economic growth increases the resources and possibilities of individuals, which in turn results in a shift from traditional survival values to self-expression values and in pressure for more political freedom and democracy. The developments in many Western countries after the Second World War offer support for this theory. In this period, the economy grew significantly, the average level of education increased, traditional bonds relaxed, and the authority of the old elites was increasingly questioned, especially by young people. This led in 1968 to 25 large-scale student revolts in Paris, Berlin and Berkeley (Righart, 1998) .
Changes of values often involve discussion. This may range from small-scale dialogues and large-scale "megalogues" (Etzioni, 1996) , to heated debates involving rhetorical tricks, misinformation and threats. Discussion may also take to the streets in the form of demonstrations that show the numerical strength and determination of the protestors. Violence may break out and revolutions may be started. This is very far removed from open dialogue, but it has to be recognised that 30 discussion always reflect power relations that influence who can speak when and how much weight their arguments carry (e.g. Fiske, 1990; Bourdieu, 1991) . 
Types of values:
• Values of human actors (focus in this article) and values they assign to things (not discussed in detail)
• From fundamental to applied (the latter also called " norms")
• From formal (explicit and officially adopted) to informal
• Ideal values, used to judge and justify behaviour, and actual values that are enacted in practice and embodied in institutions and artefacts
• Individual values, used or enacted by individuals, and cultural values, used in or enacted by a group, organisation or society at large
Mechanisms:
• Means: applied values are means for reaching more fundamental values Table 2 summarises the conceptual theory presented in this section. Not all elements of this theory will be important in every case, but they can function as so-called "sensitising concepts" that give a general sense of reference and guidance and suggest directions along which to look (Blumer, 1954) . In addition, they can be used selectively as building blocks for simpler theories or models that can be tested empirically. However, the simpler they are, the more limited their field of application generally should be (cf. Levins, 1966; Troy et al., 2015) . 5
Measuring values
To do any research on the role of values in water management, it is essential to measure them, quantitatively or qualitatively.
The methods that can be used differ for individual and cultural values and for ideal and actual values ( Table 3) . As this article focuses on the values of human actors rather than the value they assign to things, valuation methods will not be discussed in detail (see on this Jacobs, 2018). 10 
1.
Collection of statements about the issue at hand (the "concourse"), using documents and interviews 2. Selection of the 25 to 40 most relevant statements (the "Q set") 3. Selection of respondents (the "P set") 30
4.
Ranking of statements by the respondents according to how much they agree with each, e.g. from 1 (agree least) to 5 (agree most), using a fixed distribution over the different categories (the "Q sorting") implicit, e.g. in this case the premises that 1) reducing CO 2 emissions is positive; 2) there are no viable alternative for reducing CO 2 emissions, such as energy saving; 3) the dam will not lead to more energy use; and 4) there are either no negative side-effects or they are less important than the benefits. Each of these premises can be analysed as the conclusion of a prior argument resting on prior premises. Some of these premises will be factual, some will be values, and many will have a mixed character. 5
A third method for measuring cultural ideal values directly is focus group research. A focus group is a small group that discusses a topic determined by the researcher, who also moderates. The discussions do not necessarily reflect individual ideal values as there may be pressure to conform, participants may be censored, or conversely positions may get polarised (Wutich et al., 2010) . From a cultural point of view these mechanisms are highly relevant, and to the extent that the focus group is representative of the larger group or organisation of interest, the discussions reflect cultural ideal values. 10 A fourth method is participant observation (Jorgensen, 1989) . This method can be used to find out which arguments are used in specific settings and which values have currency, provided the presence of the researcher does not influence the discussions too much. If participant observation is not possible, the researcher may interview individual members of the group or organisation of interest and ask which arguments are used in specific situations, but this will be second-hand information. 15
Actual values
Actual values cannot be measured directly, but they can be inferred from individual or collective behaviour, institutions and artefacts. There is, however, the risk of circular reasoning, for example when one uses the construction of a sewage treatment plant to infer pro-environmental values and then uses the pro-environmental values to explain the construction of the sewage treatment plant. The major advantage of inference is that no significant bodies of text are needed, so this method can be used 20 in the study of pre-historic civilizations (e.g. Pande and Ertsen, 2014) .
Behaviour and artefacts can be observed directly, during field visits or using participant observation; they can be derived from for instance election results and membership figures of social organisations; and they can be self-reported, e.g. in interviews or in responses to surveys that ask about activities. A well-known example of the use of membership figures and survey data to infer community values is Robert Putnam's book "Bowling alone: The collapse and revival of American 25 community" (Putnam, 2001) .
Actual values might also be inferred from behavioural experiments, such as the degree of altruism shown in different types of games (Park et al., 2017) . A major advantage of behavioural experiments is that by changing conditions, behaviour can change and explanations for the actual values can be developed. A major limitation is that the experimental settings can differ significantly from the real−life settings of interest.
Discussion
The overview of values presented in this article is not the first overview that tries to integrate different approaches. In 2017, Schulz et al. developed a conceptual framework that distinguishes between fundamental values, governance−related values and assigned values or water values (Schulz et al, 2017 ; see also Schulz et al., 2018) Springer, Dordrecht, etc., 2014. 20 Van Emmerik, T., Li, Z., Sivapalan, M., Pande, S., Kandasamy, J., Savenije, H., Chanan, A., and Vigneswaran, S.: Sociohydrologic modeling to understand and mediate the competition for water between agriculture development and environmental health: Murrumbidgee River basin, Australia, Hydrol. Earth Syst. Sci., 18, 4239-4259, doi:10.5194/hess-18-4239-2014 Sci., 18, 4239-4259, doi:10.5194/hess-18-4239- , 2014 
